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Fatty acid-binding proteins (FABPs) are abundant low-
molecular-weight cytosolic proteins in tissues involved in 
fatty acid (FA) metabolism. Because epidermis is also an ac-
tive lipogenic tissue, we examined cytosols from murine and 
porcine epidermis and cultured human keratinocytes and fi-
broblasts for FABPs. High-affinity FA-binding activity was 
present in both epidermis and differentiated keratinocytes, 
whereas no high-affinity FA-binding activity was found in 
cultured human fibroblasts or undifferentiated keratinocytes. 
By column chromatography, a single binding peak was iden-
tified in the high (90 - 100 kDa) - molecular-weight range 
and no binding activity was evident in the low (14-
15 kDa) - molecular-weight range, where conventional 
FABPs elute. Moreover, rabbit anti-rat heart FABP, anti-rat 
intestine FABP, and anti-rat liver FABP antisera did not 
identify proteins in the 14-15-kDa range in murine epider-
mal cytosol by Western immunoblots, whereas the anti - rat-
T he cytosolic fatty acid-binding proteins (FABPs) constitute a family of structurally related low-molecular-weight proteins (= 14-15 kDa) that bind fatty acids (FA) with high affinity and are abundantly expressed in tissues specialized in the synthesis, trans-
port, storage, and utilization of FA, e.g.,l.iver, intestine, cardiac and 
skeletal muscle, adipose tissue, and penpheral nerve myelin (re-
viewed in [1,2]). These characteristics have provided strong, albeit 
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heart antibody recognized a protein of approximately 1 
32 kDa. Isoelectric focusing of differentiated keratinocyte 
cytosol demonstrated a single FA-binding peak having a pI of 
= 4.0. Analysis of this binding peak by SDS-PAGE revealed 
peptides of approximately 66 and 38 kDa. These findings 
suggest the possibility that the FA-binding protein in kerati-
nocyte cytosol normally exists as a heterodimer. Western 
immunoblots of both differentiated keratinocyte cytosol and 
keratinocyte-conditional media stained with a rabbit anti-
human serum albumin antibody identified a protein of ap-
proximately 67 kDa, but the electro focused fraction did not 
react with this antibody. Thus, epidermis and differentiated 
keratinocytes possess high-affinity cytosolic FA-binding ac-
tivity that cannot be ascribed either to conventional low-
molecular-weight FABPs or to albumin. ] Invest Dermatol 
100:82-86,1993 
circumstantial, evidence of a physiologic role for FABPs in intracel-
lular FA trafficking and metabolism. 
The epidermis is also a specialized tissue of lipid metabolism, 
concerned with the generation and secretion of highly hydrophobic 
membrane lipids into the intercellular domains of the stratum COf-
neum to provide the permeability barrier to systemic water loss 
(reviewed in [3]). Both free and esterified FA are major constiruents 
of these membranes (reviewed in [4]), and derive from local synthe-
sis and from systemic sources (reviewed in [5]). Cultured keratino-
cytes retain some but not all of the lipogenic characteristics of the 
parent tissue (reviewed in [6]). Keratinocytes synthesize fatty acids 
and acyllipids [7 -9], and efficiently utilize exogenously supplied 
FA [10]. The most differentiated keratinocyte cultures accumulate 
large quantitites of triacylglycerol [8,9,11,12]. 
Where~s this lipi? me~abolic activity might predict the presence 
of cytosoltc FABPs m epidermiS, available data are conflicting [13-
15]. * In the srudies rep<,>rted herein, we demonstrate that cytosol 
prep~red from both munne and porcine epidermis and from human 
keratmocytes when gro',:'m under differentiating conditions 
(1.2 roM extracellular calcIUm) contains high-affinity FA-binding 
activity, but that this binding activity cannot be attributed to COI1-
ventional, low-molecular-weight FABP. 
• Siegenthaler G, Hotz R, Saurat J-H: J Invest DermatoI96:593A, 1991. 
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MATERIALS AND METHODS 
Materials [9,1O-3H]Oleic acid (S.A. 4.2 Cijmmol) was pur-
chased from Amersham; ([5,6,8,9,11,12,14,15-3H(N)]arachidonic 
acid (specific activity 100 Ci/mmol), [V4C]linoleic acid (S.A. 950 
mCi/m.n101), and [9,10-3H]palmitic acid (specific activity 30 Ci/ 
romol) were purchased from Dupont New England Nuclear Re-
search Products. Oleic acid, palmitic acid, linoleic acid, arachidonic 
acid, dextran 2000, cytochrome C, Lipidex-1000, and fatty acid-
free bovine serum albumin (BSA) were purchased from Sigma (St. 
Louis, MO) . Charcoal (carbon decoloring alkaline Norit-A) was 
purchased from Fisher Scientific, Inc. (PA) . Rabbit anti-human al-
bumin (HSA) and anti-BSA polyclonal antibodies were obtained 
from Accurate Chemicals and Scientific Co. (NY), whereas preim-
mune sera were collected from nonimmunized rabbits in our labora-
tory. 
Cell Culture and Preparation of cytosolic Fractions We 
cultured first- to third-passage neonatal human keratinocytes in 
serum-free media (keratinocyte growth medium, Clonetics, San 
Diego, CA) containing either 1.2 rnM Ca++ to permit, or 0.07 rnM 
Ca++ to inhibit, differentiation [16]. Neonatal foreskin fibroblasts 
(pass number ~ 15) were cultured in Dulbecco's modified Eagle's 
medium supplemented with 5% neonatal calf serum; 24 h prior to 
study, media without sera were renewed. At confluence, cultures 
were harvested by scraping into buffer A (0.154 M KCI, 0.01 M 
Na2HP04), sonicated as described [10], and then centrifuged at 
100,000 X g for 1 h at 4 0 C (Beckman Ultracentrifuge, Rotor Type 
T:40.0). We manually separated epidermis from dermis of hairless 
mouse (Hr/Hr strain; Jackson Laboratories, Bar Harbor, ME) or 
juvenile domestic pig skin after floating whole skin dermis-side 
down in 10 mM EDTA in buffer A at 3rC for 30 min (mouse) or 
60 min (pig). Epidermis was homogenized in buffer A by three 
25-second bursts using a Polytron (Brinkmann, Switzerland), fol-
lowed by sonication and centrifugation. Liver, heart, and small in-
testine were removed from hairless mice, minced, and homoge-
nized in Teflon-glass homogenizers in buffer A, then centrifuged 
for 60 min at 105,000 X g. The cytosolic supernatants were either 
used immediately or aliquoted and stored at -70 0 C. The protein 
concentration was determined using bicinchoninic acid [17]. 
Equilibrium Binding Assay Aliquots of cytosol in buffer A 
(500 fll; 250 flg protein) were incubated for 5 min at room tempera-
ture with various concentrations of radiolabeled fatty acid solubi-
lized in ethanol (final concentration < 1 %)fH]oleic acid (con-
centration range 0.1 nM -100 JiM); pH]arachidonic acid (concen-
tration range 6 pm-l00 JiM); [14C]linoleic acid (concentration 
range 1 nM-I00 flM); and [3H]palmitic acid (concentration range 
30 pM-IOO flM). As no further increments of FA binding were 
observed with incubation periods exceeding 5 min, this interval was 
chosen for all incubations. In most experiments, we performed in-
cubations using a constant quantity of radiolabeled FA and varying 
concentrations of unlabeled FA, whereas in some experiments the 
specific activity of the FA was held constant; both methods gave 
comparable results. In all instances, the lowest concentrations exam-
ined were limited by the specific activity of the purchased radio la-
beled FA. Unbound FA was removed by incubating with 20 fll 
dextran-coated charcoal (1.5% charcoal and 0.15% dextran in 
buffer A) for 10 min on ice followed by centrifugation at 10,000 X 
g for 3 min at 4 0 C. Aliquots (200 flL) of the supernatant were added 
to a scintillation cocktail (Aquasol, DuPont) and their radioactivity 
counted (Beckman LS 1800 scintillation counter). All determina-
tions were performed in duplicate. Each experiment was replicated 
at least three times. FA equilibrium-binding affinities were evalu-
ated using the method of Scatchard [18]. 
Analysis ofSpecihc Saturable Binding Aliquots of epidermal 
or keratinocyte (1.2 rnM Ca++) cytosol (500 fll; 2.5 mg protein) 
were delipidated by incubation with 600 fll dextran-coated charcoal 
for 10 min at room temperature. Native or delipidated cytosol was 
incubated with 5 pmoles of [3H]0Ieic acid (specific activity 4.2 Ci/ 
mmol) alone or with an additiona l 500 pmoles of unlabeled oleic 
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~igurc.1. E.quilibriu~ bindin~ assay using mouse epidermal cytosol and 
[ H] oleiC aad as the hgand. Ahquots of cytosol were incubated at 4·C for 
5 min with. varying quantities of [3H]0Ieic acid (see Materials alld Methods). 
Unbound ligand was removed by absorption with dextran-coated char-
coal and radioactivity in t~e boun~ fraction determined by scintillation 
co~n.ting. Both hlgh-affimty bmding activity and low-affinity binding 
actiVlty were observed. R, correlation coefficient. 
acid in ethanol (final ethanol concen;ration ~.0.50/0), and separated 
on a Sephadex G-100 column at 4 C, eqUllibrated with 0.01 M 
p~tassium phosphate, pH 7.4, 0.15 KC1, 0.02% NaN3 (w Iv). Pro-
tem was detenmned by UV absorbance at 280 oM relative to col-
umn buffer. Aliquots of each fraction (800 fll) were mixed with the 
scintillation cocktail and counted. Binding activity was expressed as 
pmol ligand bound/mg protein. 
Isoelectric Focu.sing Delil?i~ated cytoso.l protein (15 mg/3 ml) 
w~s 1I1cubated WIth. O.~O flCI l.H]oieJ~ aCid (specific activity 4.2 
CI/mmol) .. Preparatlve Isoelectnc focus1l1g :was performed as previ-
ously deSCrIbed [19]. For subsequent analYSIS, the FA-binding frac-
tion from the focused gel was extracted, concentrated, and passed 
through a Sephadex G-50 column, and eluted proteins were iodi-
nated us5ng 1 flCi 1251 (Amersham) [20] . ~~beled proteins were sepa-
~ated US1l1g a Seph~dex G-25 column eqUllibrated with 0.2% gelatin 
111 PBS. The prote1l1 peak was collected and precipitated with 10% 
trichloracetic acid for 30 mi~ at 4·C and separated by 12% sodium 
dodecylsulfate - polyacryl~de gel electrophoresis (SDS-P AGE). 
Half of the gel was cut honzontally mto 1-mm strips and counted. 
the remaining gel half was dried and exposed to X-ray film for 4 d a~ 
-70· C. 
Immunochem~cal ~tudies Rabbit antisera raised against rat 
liver FABP, rat 1l1test1l1e FABP,.and rat heart .FABP, as previously 
descnbed [21], were reacted aga1l1st mouse epIdermal, heart liver 
and i~testine cyt~sols, as wel~ as against rat liver, intestinal rr:ucosa: 
and lIver cytosol 111 Western Immunoblots, using established meth-
odology [22]. 
RESULTS 
Equilibrium Bin~ing Affinity of Radio labeled FA with Epi-
dermal and.Ke~atlDocyte Cytosols . When the binding affinity 
of mouse epIdermal. cytosol to [3H]0Ielc aCid was examined over 
concentrations ra~lgmg from ~.1 ~1M to. 100 flM and analyzed by 
Scatch!d plots, hl.!?9h-affimty bmdmg actlV!ty with an apparent Kda 
o~ 1.9 - O.~ X 10 M (mean ± 5.0; n = 3), as well as low-affinity 
bmdmg aCtiVity, were obs~rve~ (r~presentative experiment in Fig 
1). Comparable 1~lgh-affil11ty b111dmg activity towards this ligand 
was a.lso present m cyto~ol prepared from pig epidermis and from 
keratmocytes cultured 111 serum-free media containing 1.2 rnM 
~a++ to perm~t d.ifferentiation (data not shown). In contrast, no 
lugh-affimty blJ1dlJ1g actlV!ty towards oleic acid was observed with 
either fibroblast cytosol (data not shown), or with wldifferentiated 
keratmocyte .(culture~ in 0.07. mM ~a~) cytosol (data not shown). 
Moreover, lllgh-affi111ty bmd111g actIvIty was not observed in epi-
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Figure 2. Analysis of molecular size of FA-binding in delipidated mouse 
epidermal cytosol. Aliquots of mo~se epidermal cytosol, delipidated. of 
endogenous ligand by treatment Wlth dextran-coated charcoal, were In-
cubated with 5 pmoles (closed symbols) or 50 pmoles (opell symbols) of 
[3H]01eic acid and applied to a Sephadex GlOO column. A single binding 
peak is observed in fractions 24-26, which corresponds to estimated 
molecular weights of 50,000 kDa. Note absence of binding peaks in frac-
tions 31-33, regions where conventional FABPs should elute. The high-
molecular-weight binding peak is displaced more than 50% by excess 
cold ligand. 
dermal or keratinocyte (1.2 roM Ca++) cytosols that had been sub-
jected to repeated cycles of freeze/thaw or had been held at room 
temperature longer than 30 mi~ .. Scat~har~4 plo.ts of. equi~ibrium 
binding assays using [3H]palmltlc aCid, [ Clhnoletc aCld, and 
(14Clarachidonic acid as ligands also demonstrated comparable 
high-affinity binding activities using both differentiated keratino-
cyte and murine epidermal cytosols (data not shown). 
Analysis of Binding by Gel ~hromat~gral;'hy Fres~ native 
murine cytosol pre-incubated wlth [3H]0Ielc aCld and apphed to a 
Sephadex G-lOO column demonstrated a single radioactivity peak 
in close proximity to the void volume (MW range estimate 
90,000-100,000); this peak was displaced <20% by a 100-times 
excess of unlabeled ligand (data not shown). If, however, the cytosol 
was first delipidated by passage through Dextran-coated charcoal 
prior to the incubation with ligand, the 100-time~ excess ligand 
displaced the radioactivity peak by more than 50% (Flg 2). Contrary 
to our expectations, no FA-binding peak in the low-molecular-
weight (= 14-15-kDa) regions was ever observed in cytosolic prep-
arations from either murine or porcine epidermal or cultured kerati-
nocytes. 
Western Immunoblotting of Cytosolic Proteins Rabbit anti-
sera raised against rat heart FABP, rat liver FABP, and rat intestine 
FABP were reacted against mouse epidermal, liver, intestine, and 
heart cytosolic proteins separated by SDS-PAGE using the Western 
immunoblotting technique (Fig 3). The anti-rat liver FABP anti-
serum recognized a single protein of approximately 14 Kda in 
mouse liver cytosol, and a lesser amount of this protein in mouse 
intestinal cytosol, but did not identify any proteins in cytosol from 
mouse epidermis or heart .. The ,presence of immunoreactive ~iver 
FABP in mouse liver and mtestll1al cytosols corresponds preclsely 
with the tissue distribution of this protein in the rat l1]. The anti-rat 
in testine F AB P antiseru m simil ad y recognized onl y a single 14-Kda 
protein from intestine among the ~urine ti,ssues tested. Wh~re~s 
the anti-rat heart FABP antiserum dld recogmze a 14-Kda protem m 
murine heart cytosol, it also reacted with a protein of = 32 Kda in 
murine epidermal cytosol (Fig 3) . As expected, the anti-rat-heart 
FABP antiserum did not identify any proteins in murine hepatic or 
intestinal cytosols, nor did it identify any low-molecular-weight 
(e.g .• 14-Kda) species in epidermal preparations. In summary. these 
studies demonstrate no epidermal proteins in the expected low-
molecular-weight range cross-reacting with heart, liver, or intes-
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tinal FABP antisera. The cross-reactivity of the anti-rat heart FABP 
with a 32-Kda epidermal protein was an unexpected finding. 
Isoelectric Focusing and SDS-PAGE Whole pig epidermal 
cytosol was incubated with (lH]oleic acid, then subjected to thin-
layer isoelectric focusing to identify fraction(s) with bound ligand. 
Radioactivity was only recovered from a single peak, having an 
isoelectric pI of 4.9 (Fig 4). Similar results were obtained when 
cytosol prepared from differentiated (1.2 roM Ca++) human kerati-
nocytes was incubated with ligand and subjected to isoelectric fo-
cusing, except that the pI of the keratinocyte cytosol binding pro-
teins was 3.9-4.2. The electrofocused binding peaks of 
keratinocyte cytosol were then recovered. iodinated with I12S, and 
subjected to SDS-PAGE and autoradiography. This revealed a 
major band having a molecular weight of = 66 kDa and a minor 
band of = 38 kDa (Fig 5). 
The acidic pI and a molecular-weight of = 66 kDa of the major 
iodinated peptide suggested that the binding activity we observed ill 
epidermal and differentiated keratinocyte cytosol might be due to 
albumin. We reasoned that epidermal preparations may be inadver-
tently exposed to serum albumin during tissue isolation and process-
ing. Moreover, although our keratinocyte culture system utilizes 
serum-free medium, this medium is supplemented with an extract 
of bovine pituitary gland (BPE) as a growth stimulant [23]. To 
determine whether this could be a source of exogenous albumin, 
proteins obtained from BPE were separated by SDS-PAGE, trans-
ferred to nitrocellulose. and reacted with either rabbit anti-BSA or 
anti-HSA antisera by Western immunoblotting. The BPE proteins 
showed a major protein band of approximately 60 kDa. which 
strongly reacted with anti-BSA and, to a lesser degree, with anti-
HSA antisera (data not shown). 
We therefore repeated the above isoelectric focusing studies 
using cytosol from keratinocytes in which the BPE had been re-
moved from the culture media for at least 72 h before harvesting, 
and which had been exhaustively washed free of medium at har-
vesting. In these cytosolic preparations, we again observed a single 
binding peak on isoelectric focusing (pI 4.2), which on SDS-PAGE 
gels stained with Coomassie blue and exhibited a major band at 
approximately 66 Kda, with a fainter band at 38 kDa (data not 
shown). When this preparation was further analyzed by Western 
immunoblotting, the isofocused protein from keratinocyte cytosol 
(grown without BPE) showed no reaction with either anti-HSA or 
anti-BSA antisera (data not shown). 
DISCUSSION 
In the present study, we have identified the presence of high-affin-
ity FA-binding by keratinocyte and epidermal cytosols using an 
equilibrium binding assay. We examined both mouse and pig epi-
dermis and cultured human keratinocytes for the presence of cyto-
solic FABP. Low-molecular-weight FABP are abundant (i.e., 
1-2% of cytosolic protein) in other tissues that are active in FA 
synthesis, transport, storage, or utilization [1,2], but contrary to 
these expectations, cytosol from epidermis in vivo and in vitro 
showed no FA-binding activity within the molecular weight range 
(12 -14 kDa) of these conventional FABP (c.f., Fig 2). Moreover, 
using Western immunoblotting, we determined that neither liver, 
intestine, nor heart FABP were immunologically detectable in epi-
dermis (c.f .• Fig 3). although the anti-heart FABP antisera we used 
did recognize a higher-molecular-weight protein (approximately 
32 kDa) in epidermis. The identity of this protein is unknown. 
Because the corresponding murine tissue reacted strongly with the 
respective anti-rat antisera in the expected tissue distribution. this 
failu.re c~nnot be attributed. to antigenic differences across species, 
but lmpltes that these speclfic low - molecular-weight F ABPs are 
not detectably expressed in epidermis. It should be noted that the 
related, low - molecular-weight binding protein, cellular retinoic 
acid-binding protein, is expressed in epidermis [24.25]. Moreover, 
Raza et al [13] have reported a putative low- molecular-weight 
FABP in rat epidermis; however, the validity of their methodology 
VOL. 100, NO.1 JANUARY 1993 
kDa 
43-
30-
20-
14.4-
1 2 
A 
3 
B 
4 5 1 2 3 4 
FArrY ACID-BINDING ACTMTY IN EPIDERMIS 85 
C 
5 1 2 3 4 5 kDa 
-43 
- -30 
-20 
-
-14.4 
\ . 
Figure 3. Western immunoblots using rabbit anti-rat FABP against cytosolic fractions of mouse and rat tissues. A ) Rabbit anti-rat liver FABP. The latles 
contain 150 Ilg of cytosol prepared from 1, mouse epidermis; 2, mouse liver; 3, mouse small intestine; 4, mouse heart; and 5, rat liver. B) Rabbit anti -rat 
intestinal FABP. The lanes are the same as in Fig 4, except for lalle 5, which contains 150 Ilg rat intestinal cytosol. C) Rabbit anti-rat heart FABP. The latles 
are the same as in Fig 4, except for latle 5, which contains 150 Ilg rat heart cytosol. 
has recently been questioned. t Preliminary evidence from another 
group has also pointed to the presence of low-molecular-weight 
FABP in keratinocytes, t but in quantities significantly lower than 
their usual level of expression in heart, liver, intestine, and adipose 
tissue [1,2] . The present study does not rule out the presence of 
extremely small amounts oflow - molecular-weight FABP in kerati-
nocytes, nor does it refute a role for cytosolic FABPs in FA traffick-
ing or utilization in those tissues in which they are expressed. N ever-
theless, our observation that they are undetectable in a tissue highly 
active in FA synthesis, transport, and secretion [3-6] suggests that 
these proteins may not be essential to such functions. 
We did observe high-affinity binding activity towards long-
chain FA in both murine and porcine epidermis. Similar high-affin-
ity binding activity was also observed in cytosol from differentiated 
human keratinocytes. Yet no high-affinity FA-binding activity was 
observed either in undifferentiated keratinocyte or in human fi-
broblast cytosols. Epidermal and differentiated keratinocyte cyto-
sols exhibited a single FA-binding peak in the high-molecular-
weight range in gel filtration studies (c.f., Fig 2). Moreover, a single 
FA-binding peak was also observed when either epidermal or differ-
entiated keratinocyte cytosol was incubated with radiolabeled FA 
and then subjected to isoelectric focusing (c.f., Fig 4). The pI in 
various preparations ranged between 3.9-4.9. This variation in pI 
may have reflected variations in the ratio of added fatty acid to 
binding proteins. A shift in the isoelectric point due to bound acidic 
ligands is a well-recognized phenomenon with FABPs [1] . 
Two protein bands of approximately 66 and 33 kOa were evident 
when the electrofocused binding peak was recovered and subjected 
to SOS-PAGE. Because one of these co-migrated with the BSA 
standard, the possibility that the keratinocyte FABP might be albu-
min was considered; this provoked a search for potential sources of 
albumin contamination. Indeed, BSA was identified in the BPE 
used in our serum-free culture system. Yet there are several observa-
tions that suggest that contaminating BSA was not the high-
molecular-weight FABP in our studies. First, the 66-kOa peptide 
from the isofocused binding peak did not react with either the 
anti-HSA or anti-BSA. Second, the FA binding peak containing the 
66- and 33-kOa bands showed a higher apparent molecular weight 
t Siegenthaler G, Hotz R, Saurat J-H: J Invest Dermatol96, 593A, 1991. 
(90-100 kOa) on gel filtration chromatography than did albumin 
w~ich suggests th~t the bin.ding protei~ in k.eratinocytes normall; 
eXists as a heterodlmer. Thud, we obtamed Identical results when 
cytosol, either from.keratinocytes cultured in the presence ofBPE 
or from cells grown m the absence ofBPE for 72 h, was subjected to 
isoelectric focusing followed by SOS-PAGE. Thus, removal ofBPE 
from the media did not l ~ad to loss of either FA-binding activity or 
of the ~6-kOa polypeptide ?n SOS-PAGE: Finally, keratinocytes 
grown m low-calcIUm media to prevent differentiation were also 
exposed to BPE but did not exhibit high-affinity cytosolic FA-bind-
i~g activity .. Similarly, .fi~ro~lasts gr~wn in serum-containing me-
dIUm also did not exhibit hlg~-affimty FA-binding activity. This 
strongly supports the conclUSIOn that contamination with media 
additives did not occur ?uri.ng our harvesting procedures and, more-
over, that such contamll1atlon was not responsible for the FA-bind-
ing activity observed in these studies. Further characterization of 
t~e epidermal FAB~s will b~ of part~cular interest, especially in 
view of our observation that hlgh-affil11ty FA-binding activity is not 
encountered in undifferentiated keratinocyte cytosol. Thus, the ex-
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Fi.gur: 4. Is?ele~tric f~cusing of porcine epidermal cytosol preincubated 
Wlth [ H] oleiC aCl~ . Epldex:mal cyt?sol was incubated with [3H] oleic acid, 
then subjected to Isoelectric focusll1g (see Materials alld Met/lods). A single 
peak of radioactivity (closed symbols) was observed, which demonstrated a 
pI (open symbols) of 4.9-5.0. 
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Figure 5. Autoradiogram of radioiodinated FA-binding peak from iso-
electric focused keratinocyte cytosol. Cytosol from differentiated keratino-
cytes was incubated with [3HJoleic acid and subjected to thin-Iayerisoelec-
tric focusing (see Materials alld Methods). The fatty acid binding peak (pI 3.9) 
was isolated, radioiodinated, and analyzed by SDS-PAGE and autoradi-
ography as described in Materials alld Methods. A major band of approxi-
mately 66 kDa and a minor band of approximately 38 kDa were detected 
on the autoradiograph . 
pression of the responsible cytosolic protein may be related to kerati-
nocyte differentiation and, by implication, to the generation oflipid 
bilayers for the permeability barrier. 
In summary, we find no evidence for the presence of low-
molecular-weight (12 -14 kDa) cytosolic FABPs in murine and 
porcine epidermal or human keratinocyte cytosols. High-affinity 
binding activity towards long-chain FA was observed in epidermal 
and differentiated keratinocyte cytosols, but was not evident in un-
differentiated keratinocyte or fibroblast cytosols. We observed a 
single binding peak on isoelectric focusing with an acidic (3.9 - 4.9) 
pI, and at least two polypeptides of approximately 66 and 38 kDa 
were recovered from this binding peale In view of the apparent 
molecular weight of90-100 kDa of the keratinocyte FABP on gel 
chromatography, the possibility that these peptides may form a 
heterodimer is interesting. Further study will be needed to charac-
terize these proteins and to determine their contribution to FA-
binding activity. 
We are illdebted to Mara Hillcet1bergs alld Mark Bogall for tec!lI/ical assistallcealld to 
Bil ChaplIIOII for manuscript preparatioll. 
This work was stlpported ill part by gra II ts fro III the Deutsc/le Forsc!lImgsgellleills-
chaft (DFG Schll 637/2-1) alld the Natiollal Illstitutes of Health (AM 39908, 
DK 32926), alld by tile Medical Research Senlice of the Departmeut of Veteralls 
Affairs. 
REFERENCES 
1. Bass NM: Function and regulation of hepatic and intestinal fatty acid 
binding proteins. Chem Phys Lipids 38:95- 1 14,1985 
THE JOURNAL OF INVESTIGATIVE DERMATOLOGY 
2. Kaikaus RM, Bass NM, Ockner RK: Functions of fatty acid-binding 
proteins. Experientia 46:617 - 630, 1990 
3. Elias PM, Menon GK: Structural and lipid biochemical correlates of 
the epidermal permeability barrier. Adv Lipid Res 24: 1 - 26, 1991 
4. Schurer NS, Elias PM: The biochemistry and function of epidermal 
lipids. Adv Lipid Res 24:27 - 56, 1991 
5. Feingold KR: The regulation and role of epidermal lipid synthesiS. 
Adv Lipid Res 24:57-82,1991 
6. Ponec M: Lipid metabolism in cultured keratinocytes. Adv Lipid Res 
24:83- 1 18, 1991 
7. Ponec M, Kempenaar J , Boonstra J: Regulation of lipid synthesiS in 
relation to keratinocyte differentiation capacity. Biochim Biophys 
Acta 921:512-521,1987 
8. Williams ML, Rutherford SL, Ponec M, Hincenbergs M, Placzek DR, 
ElIas PM: Density-dependent variations in the lipid content and 
metabolism of cultured human keratinocytes. J Invest Dennacol 
91:86-91,1988 
9. Williams ML, Brown BE, Monger DJ, Grayson S, Elias PM: Lipid 
content and metabolism of human keratinocyte cultures grown at 
the air-medium interface. J Cell Physiol 136:103 - 110, 1988 
10. Schurer NY, Monger DJ, Hincenbergs M, Williams ML: Fatty acid 
metabolism in human keratinocytes cultivated at an air-medium 
interface. J Invest Dermatol 92: 1 96 - 202, 1989 
11. Po~ec M, WeerheimJ, Mommaas AM, Nugteren DH: Lipid compo-
sition of cultured human keratinocytes in relation to their differen-
tiation. J Lipid Res 29:949-961, 1988 
12. Ponec M, Weerheim A, Kempenaar J, Elias P, Williams M: Differen· 
tiation of cultured human keratinocytes: effect of culture conditions 
on lipid composition of normal vs. malignant cells. In Vitro 
25:689 - 696, 1989 
13. Raza H, Chung WL, Mukhtar H: Specific high affinity binding of 
fatty acids to epidermal cytosolic proteins. J Invest Dennatol 
97:323-326,1991 
14. Siegenthaler G: Specific high affinity binding of fatty acids to epider-
mal cytosolic proteins (letter) J Invest Dermatol 98:388, 1992 
15. Muhktar H, Raza H: Reply (letter) J Invest Dermatol 98:389, 1992 
16. Pillai S, Bikle DD, Hincenbergs M, Elias PM: Biochemical and mor-
phological characterization of growth and differentiation of normal 
human neonatal keratinocytes in a serum-free medium. J Cell phy-
siol 134:229 - 237, 1988 
17. Smith RK, Krohn RI, Hermarson GI, Mallia GE, Gartner FA, Prover-
zan MD, Fujimoto EK, Goete NM, Olson GJ, Klenk DC: Measure· 
ment of proteins using bicinchol1inic acid. Anal Biochem 150:76-
85,1985 
18. Scatchard G: The attractions of proteins for small molecules and ions. 
Ann NY Acad Sci 51:660-672,1949 
19. Oc~ner RR, Manning JA, Kane JP: Fatty acid binding protein. Isola· 
tlon from rat liver, characterization, and immunochemical quantifi-
cation. J Bioi Chern 257:7872 - 7878, 1982 
20. Fraker RJ, Speck JC: Protein and cell membrane iodination with a 
sparingly soluble chloramide, 1,3,4,6, tetrachloro-3a,6a-diphenyl-
glycoluril. Biochem Biophys Res Commun 80:849-857,1978 
21. Bass NM, Mal~lun~JA: Tissue expression of three structurally differ-
ent fatty aCid b111dmg prote111s from rat heart muscle, liver and 
intestine. Biochem Biophys Res Commun 137:928-935, 1986 
22. Towbin HD, Staehelin J, Gordon J: Electrophoretic transfer of pro-
teins from pol~acrylamide gels to nitrocellulose sheets: procedure 
and some applIcatIOns. Proc Nat! Acad Sci USA 76:4350-4354, 
1979 
23 . Peehl DM, Ham RG: Growth and differentiation of human keratino· 
cytes without a feeder layer or conditioned medium. In Vitro 16, 
516-525,1980 
24. Siegenthaler G, Saurat JH, Morin C, Holtz R: Cellular retinoic acid-
binding proteins in the epidermis and dermis of normal human skin. 
Br J Dermatoll11:647 -654, 1984 
25. Puhvel SM, Sakamoto M: Cellular retinoic acid-binding protein in 
human epldeC1111s and sebaceous follicles. J Invest Derrnatol 82:79-
84, 1984 
